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Abstract: We demonstrate a high power linearly polarized Raman fiber laser (RFL) pumped by an 
amplified spontaneous emission (ASE) source. Temporal-stable operation of RFL could be ensured 
owing to the employment of ASE, which mitigates the inherent intensity noise compared with the 
classic scheme adopting laser oscillator as pump source. In this experiment, the RFL has up to  
119.5 W output power, with central wavelength of 1129.2 nm, and full width at half maximum 
(FWHM) linewidth of about 4.18 nm. The polarization extinction ratio (PER) of the Raman laser is 
about 23 dB. Moreover, this laser has excellent long-term and short-term stabilities in terms of the 
output power and time domain. 

Keywords: Raman fiber laser; amplified spontaneous emission; linearly polarized 

Citation: Jiaxin SONG, Hanshuo WU, Jun YE, Jiangming XU, Hanwei ZHANG, and Pu ZHOU, “High Power Linearly Polarized 
Raman Fiber Laser With Stable Temporal Output,” Photonic Sensors, 2019, 9(1): 43–48. 

 

1. Introduction 

Raman fiber lasers (RFLs) have attracted much 

attention in the past few decades owing to their 

advantages of wavelength flexibility, compact 

structure, high power handling capacity, etc. [1], and 

have already found a wide range of applications in 

optical pumping, frequency conversion, optical 

communications, fiber sensing, biology, and 

supercontinuum generation [2‒8]. Up to date, the 

investigation into RFLs has covered many areas, 

including power scaling [9, 10], linewidth narrowing 

[11, 12], temporal characteristics [13, 14], 

polarization state [15], and working wavelength 

expansion [16, 17], among which the temporal 

stability is an important aspect that affects the 

performance of RFLs. 

According to the temporal state, RFLs can be 

roughly classified into continuous-wave (CW) and 

pulsed ones. However, as far as we know, it is not 

easy to obtain a true CW RFL, since the pump 

source (mostly rare-earth doped fiber laser) of RFL 

usually has self-pulsing under certain pumping and 

cavity conditions [18‒20] that will transfer to the 

RFL [21, 22], thus resulting in a “pretended” CW 

RFL. This would degrade the performance of laser 

systems that employ RFLs as pump or seed sources. 

Therefore, it is of great significance to study stable 

CW Raman lasers. Since the temporal property can 

be transferred from the pump source to Raman 

lasing, thus adopting temporal stable pump source 

can hopefully contribute to achieve RFLs with stable 

CW output. Among all the available pump sources, 

amplified spontaneous emission source (ASE, also 
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known as superfluorescent fiber source) has been 

proven to have high temporal stability [23‒26], and 

can serve as an ideal pump source. Owing to the 

broad linewidth and stable temporal property, ASE 

source has also found potential applications such as 

rotation sensing (especially fiber gyroscopes) 

[27‒29]. Although an ASE source in 1.5 μm has 

been used to pump Raman fiber laser to verify its 

capability of suppressing stimulated Brillouin 

scattering and increasing the pumping efficiency 

[30], the temporal stability of CW operation has not 

yet been investigated. Therefore, it is interesting to 

verify the feasibility of realizing Raman lasing with 

stable CW output by adopting an ASE pump source. 

Moreover, high output power and linearly polarized 

operation of the proposed laser are also investigated 

because some applications, e.g. nonlinear frequency 

conversion, require both high power and linearly 

polarized laser to meet the threshold and improve 

overall efficiency. 

In this paper, we demonstrate a high power 

linearly polarized Raman fiber laser pumped by a 

powerful ASE source. The maximum output power 

achieved is 119 W with a polarization extinction 

ratio (PER) around 23 dB. More importantly, this 

laser possesses good stability, with standard 

deviation (STD) of ~0.35% for the time domain 

dynamics and STD of 0.029% for the fluctuation of 

total output power. To the best of our knowledge, 

this is the first demonstration of a hundred-Watt 

level Raman fiber laser with relatively stable 

temporal output enabled by the ASE pump source. 

2. Experimental setup 

As shown in Fig. 1, the ASE pump source 

consists of a homemade broadband ASE seed source 

[31] and two-stage polarization-maintaining (PM) 

power amplifiers, the central wavelength of which is 

about 1074.8 nm, with full width at half maximum 

(FWHM) linewidth ~10.3 nm at the maximum pump 

power. A PM isolator (ISO) is adopted to extract 

linearly polarized ASE source. The output end of the 

ASE source is spliced with the 1070 nm port of a 

1070/1120 nm wavelength division multiplexer 

(WDM). The 1120 nm port of the WDM is 

connected to a fiber loop mirror (FLM), which is 

used to serve as a wideband high reflective cavity 

mirror. The FLM is fabricated by splicing two 

adjacent ports of a 50/50 coupler together, whose 

central working wavelength is 1120 nm with 

working bandwidth of ~20 nm. The common port of 

the WDM is spliced with a piece of 59-m long 

passive fiber (10/125 μm), which is used to provide 

Raman gain. The output end of this piece of passive 

fiber is cleaved with a flat angle to provide feedback, 

and the reflectivity is around 4%. 

ASE seed
2 stage AMPs 

50:50 
coupler 

PM WDM 

PM ISO

59 m PMF 

 
Fig. 1 Experimental setup of the Raman laser (ASE: 

amplified spontaneous emission, PM: polarization maintaining, 
ISO: isolator, AMP: amplifier, WDM: wavelength division 
multiplexer, PMF: polarization maintaining fiber).  

3. Results 

The power evolution of the total output, residual 

pump, 1st order Stokes wave, and 2nd order Stokes 

light are shown in Fig. 2(a), the central wavelengths 

of which are 1074.8 nm, 1129.2 nm, and 1192.2 nm, 

respectively. The frequency shift between the pump 

source and the 1st order Stokes light is about    

13.4 THz, while the frequency shift between the 1st 

and 2nd order Stokes lights is about 14.0 THz. The 

threshold power of the 1st order Stokes light is about 

60 W. The maximum output power of 1129.2 nm 

Raman laser is 119.5 W under the pump power of 

153.10 W, which corresponds to the conversion 

efficiency of 78.05%. Figure 2(b) depicts the spectra 

evolution of the Raman fiber laser. As the pump 

power increases, the 1st order Stokes light and the 

2nd order Stokes light start to emerge successively. 

At the maximum pump power, the 1st order Stokes 

wave occupies 92.1% of the whole spectrum, while 
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the 2nd order Stokes wave at 1192.18 nm merely 

accounts for 2.6%, which coincides with what is 

shown in Fig. 2(a). 
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Fig. 2 Output properties: (a) the output power evolution of 

the Raman fiber laser and (b) the spectra evolution of the Raman 
fiber laser. 

The linewidth evolutions of the ASE pump 

source, residual pump light, and the 1st and 2nd 

Stokes lights as a function of the pump power (i.e., 

the output power of the ASE source) are compared, 

as shown in Fig. 3. The FWHM linewidth of the 

ASE pump source are generally stable, which is 

around 8 nm, and rises to 10.38 nm at the maximum 

pump power. While the linewidth of the 1st order 

Stokes light experiences a steady growth, which 

increases from 0.673 nm to 4.18 nm. The linewidth 

of the residual pump light shows a distinct different 

variation style. When the pump power is lower than 

the threshold of the 1st order Stokes light, the 

linewidth of the residual pump light is about 8 nm, 

which is close to that of the ASE pump source. 

However, the linewidth increases sharply to about 

14 nm when the pump power is higher than the 

threshold of the 1st order Stokes light.  
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Fig. 3 Linewidth variation of the ASE source, residual pump 

light, and 1st and 2nd order Stokes lights as a function of the 
ASE pump power. 

The PER of the ASE pump source and the output 

Raman laser are measured as well. The output laser 

goes through a collimator to guarantee the 

collimation property of the laser beam. Then, the 

first order Stokes wave is extracted from the output 

laser by a 1070/1120 nm dichroic mirror. A 

half-wave plate, the central wavelength of which is 

1120 nm, is placed after the dichroic mirror to adjust 

the polarization direction of the propagating wave. A 

polarization beam splitter working around 1120 nm 

is adopted to split the light into two perpendicular 

directions, and the output power of each polarization 

direction is then recorded by two power meters. The 

PER of the output laser can be calculated according 

to the formula as 

10lg
a

PER
b

  

where a  and b  are the values of minor and 

major axes of the polarization ellipse, which 

correspond to the powers measured by the power 

meters. The PER of the pump source can be 

obtained to be about 14 dB by measuring the PER of 

the residual pump when the pump power is less than 

the threshold power of ~60 W, as shown in Fig. 4. As 

the pump power increases to a value higher than  

60 W, the PER evolution of the 1st order Stokes 
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wave is measured to be around 23 dB, and there is 

no apparent degradation.  
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Fig. 4 PER of the pump light and the Raman laser. 

The stability of output laser is also recorded and 

analyzed in a relatively long period and a short one, 

respectively. On a long-term scale, the variety of the 

output power is tested by the power meter at the full 

pump power. The maximum total output power, i.e. 

the residual pump power plus Stokes light power, 

reaches 130.33 W, and the output power is recorded 

every 4 seconds in a total time duration of 5 minutes, 

as shown in Fig. 5. The STD of the normalized 

output power is only 0.029%, showing the 

ultra-stable property of this laser. 
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Fig. 5 Output power stability in a time scale of 300 s. 

On a short-term scale, Fig. 6 describes the 

normalized temporal dynamic of the laser output in 

the timescale of 1 millisecond. The STD of the 

temporal sequence is about 0.35%, which indicates 

the temporal characteristics are very stable.  
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Fig. 6 Normalized temporal dynamics of the laser at the 

maximum output power. 

4. Discussion 

In this paper, a hundred-watt level linearly 

polarized Raman fiber laser is obtained with an ASE 

pump source. When the 1st order Stokes light occurs, 

the linewidth of the residual pump light increases to 

about 14 nm. Such rapid linewidth broadening of the 

residual pump light can be explained by the 

following reason: the wavelength near the spectrum 

center of the ASE source has higher power and will 

reach the power level for stimulated Raman lasing 

first. In this case, the power at the central 

wavelengths of the pump source would transfer to 

the 1st order Stokes light and the intensity of these 

wavelengths decreases to a power level close to the 

wavelengths without Raman lasing, thus the 

linewidth of the residual pump light shows a 

tendency of broadening. The output light has very 

high PER (about 23 dB), which could possibly be 

attributed to the Raman purification effect. Owing to 

the high temporal stability of the ASE source, quite 

stable CW Raman laser is obtained both on the 

long-term and short-term scales.  

5. Conclusions 

In summary, we have demonstrated an ASE 

pumped, temporal stable, and high power linearly 

polarized Raman fiber laser. The proposed Raman 

fiber laser can deliver up to 119.5 W output power at 

1129.2 nm, corresponding to the conversion 

efficiency of ~78.05%. The long-term and 
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short-term stability of the intensities of the output 

laser are tested in 5 minutes and 1 microseconds, 

respectively, and the results indicate quite good 

stability. The STD of the normalized temporal 

dynamics is only 0.35%. and that of the normalized 

output power is only 0.029%. The PER of the 

Raman laser reaches about 23 dB, although the PER 

of the ASE source is relatively low (about 14 dB). 

To the best of our knowledge, this is the first time 

that a hundred-Watt level linearly polarized Raman 

fiber laser has been demonstrated enabled by an 

ASE pump source. Further power scaling can be 

expected by optimizing the length of the passive 

fiber and changing the reflectivity of the cavity 

mirrors. Moreover, this temporal stable CW Raman 

laser could provide a useful tool for many other 

applications. 
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